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434 Physiology team
presents to you:

Calcium Homeostasis

* Important

Further explanation
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Body Content and Tissue Distribution of
Calcium and Phosphorus in a Healthy

. . . . ~ Adult
Distribution of Ca++ in Body g@ s
01 Total Body Content 1,300 g 600 g
[ A% { 1% { 99 % Relative Tissue Distribution
w U O (% of total body content)
ECF ICF Bone & teeth Bones and teeth 99% 86%
. Extracellular fluid 0.1% 0.08%
(E;e(iic:illa uSr:‘\)IC / Intracellular fluid 1.0% 14%
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Protein-bound calcium mwm
Most of this calcium is bound to albumin & much »@ ..... _mm?*;:ﬁ"‘imw
smaller fraction is bound to globulin Efip__mm"“i;‘:mmm
eBinding of calcium to albumin is pH-dependent ot e ;o"’n‘fs’:.:ii?:,i‘ﬁg,‘,.
e Acute respiratory alkalosis increases calcium comsen Y |
binding to protein thereby decreases ionized =P iinl (I
calcium level g g, == wm o
_ o _ e Nt
Physiological importance of Calcium

. . mentioned that ECF is 0.1% and ICF is 1%?
integrity of the skeleton

Because Ca is in the endoplasmic reticulum not free in the
cellular cytoplasm

Calcium salts in bone provide structural Why is the ECF calcium more than the ICF Ca although we

Calcium ions in extracellular and cellular fluids is essential to
normal function for the biochemical processes

b l |

Neuromuscular Hormonal Enzymatic Blood Second
excitability secretion  regulation  coagulation messenger
’\\g L) raal 2357
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plasma

/ \ concentration

Phosph.orou-s Is an is around 4 Calcium is tightly
essential mineral :
mg/dL. regulated with
necessary for ATP and .
Phosphorous in the
cAMP second
body
\messenger systems
Phosphate

CALCIUM- PHOSPHORVS
RELATIONSHIP

_—
= THE UPS AND DOWNS—

Daily
requirements of
calcium

SERUM  CALCIVM- .0— 10§ ma/dl
PHOSPHORVS® 2.5 4.7 mj/dl




Absorption of calcium

4 )

eDuodenum:
active transport =
esmall intestine:
concentration gradienmt
@Icium is poorly absorbed from GD

Calcium metabolism

Calcium Metabolism in an adult human

Calcium

intake Cells
(13,000 mg)
1000 mg/day Bone
(1,000,000 mg)
Absorption Deposition
350 mg/d 500 mg/d
(_m?i} Extracellular (ﬂ

fluid

Secretion Absorption
(250 mg/day) (500 mg/day)
l Filtration Reabsorption
(9980 mg/day) (9880 mg/day)

Feces
(900 mg/day) Kidneys
Urine

(100 mg/day)

Further explanation : \

If the person ingests 1000 mg of
elemental calcium daily,
approximately 350 mg is absorbed
from the GIT, a process that is
stimulated by active form of
vitamin D 1,25-
dihydroxycholecalciferol . However,
about 250 mg is secreted into GIT .
Thus net absorption of calcium is
100 mg / day (350 mg-250mg),
and the remaining 900 mg day ( of
the 1000 mg ingested ) is excreted

in feces . The absorbed Ca enters

YCa in ECF .




Composition of Bone

Physiology of Bone

o/o
Eh Cells
Organic

components

Organic Matrix

—Collagen Fibers (95%)
—Ground Substance (5%)
40 *ECF

|I’]Orga niC eProteoglycans
-responsible for tensile force
com ponents

- Salts of Ca++ & PO4
In The form of Hydroxyapatite crystals (99%) Ca10(P0O4)6(0H)2
In the form of amorphous salts (0.4-1%)
Mg, Na,K,Carbonateions.
Responsible for compressional force



Physiology of Bone

Compression Tension

Several properties contribuD
to the strength of bone :

- Collagen contributes to ~

the tensile force of bone.

measured by the maximum stress

that a material can withstand while
being stretched or pulled.

- Bone salts contributes to
the compressional forces
of bone..

Doctor Abeer’s explanation:

if we remove the calcium from the bone (no compressional force) = (Fais o alarll juay

And if we heat the bone and remove the organic matrix = no tensile force 2 the bone becomes
brittle (Uis)
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Osteoblasts (matrix-forming cells)

Qrigin?

Osteocytes
Originate from osleoblasts

Osteoclasts

5riginate from bong marrow -

tlerived macrophage-monocyle
line

Collagen (95%)
Type | {ec1{l]ycc2)

Non-Collagen (5%)
Qsteocalein (bone Gla protein),
vitamin K dependent
Osteonectin
Bone proteglycan
Bone sialoprotein
Bong morphogenic protein
Bone proteolipid
Bone phosphoprotein

Cells (2%) \

Physiology of Bone

Organic Components

Ostaocytas

> Organic (30%)

Matrix (38%) |

Hypomingralizad matrix (ostaoid)

\
\

Qsteablasts

\ o
P “’"
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| Mineralized matrix {bong)
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Inorganic components

Don’t skip this picture!

In canaliculi In central canal

Mineralized bone:

stable pool of Ca**|  labile pool

Hydroxyapatite crystals

Bone fluid: ~ Plasma .. o

of Ca®

Fast

Slow

(Bone

dissolution)

Amorphous salt

ormed by filmy cytoplasmic extensions of
nterconnected osteocytes and osteoblasts)

steocytic-osteoblastic bone membrane

A type of exchangeable calcium,
represents (0.4-1%) of bone salts.
Always in equilibrium with Ca+ in ECF
so involved in the rapid regulation
ionized Ca++ level in ECF.

*  Amorphous salt is found in bone fluid & hyrdoxyapatite crystals are in the minralized bone
* Calcium is restored to circulation by amorphous salt in short term regulation

* Mineralized bone (hydroxyapatite crystals) are used in long term regulation

10



Regulation of calcium

Normal plasma level of Calciumis: 9-10.5 mg/dl
Any disturbance of this range could cause diseases

Renal stones

(Deposition)
Hypercalcaemia
leads to Renal

stones

Hypocalcaemia

leads to tetany
Tetany ~ ™

(Excited nervous
system)

Keep in mind that:
J Ca+2 in ECF - excited nervous system (muscles contraction)
‘N Ca+2 in ECF - depressed nervous system (muscles relaxed)
11



Regulation of calcium

Increase in protein concentration - /" in total Ca2+ concentration

Decrease in protein concentration = | in total Ca2+ concentration

The effects on ionized Ca+2 concentration are insignificant

Changes in anion concentration alter the ionized Ca2+ concentration e.g. I® plasma phosphate
con. - I in the conc. of Ca2+ complexed to phosphate - { ionized Ca2+ concentration
Ca2+ affects Na permeability of nerve membranes.

J' plasma Ca2+ = generation of spontaneous action potentials in nerves = tetany

Acid-base abnormalities alter the ionized Ca2+ conc. by changing the fraction of Ca2+ bound to
plasma albumin

Albumin has negatively charged sites, which can bind either H+ ions or Ca2+ ions

Acidosis ¥ Alkalosis

—H /HCa++

_Ca++ I | /_Ca++
~Catt Albumin | Cagtt
\Ca++

l

T lonized Ca2* l lonized Ccaz+

Hyperventilation = Respiratory alkalosis = {, ionized Ca2+ = Tetany 12



Regulation of calcium

Regulation of plasma calcium and phosphate levels
|

Hormonal Non-Hormonal
Mechanisms mechanisms

Long term response - Rapid buffer
High capacity - For small changes of

Parathyroid | plasma calcium level

hormone (Amorphous calcium
TCaH phosphate)
/@ve/s Exchangeable salts of bone are

Vitamin D | the first line of defense to any
| change in calcium
concentration of ECF.
{Cay, They act by immediate release

. . /
Calcitonin®™, ‘eve and absorption.

13



Regulation of calcium

Hormonal Mechanisms : Vitamin D (1,25 Dihydroxycholecalciferol)

Sunlight
The biologically active form of vitamin D =
is Skin
1,25-dihydroxycholecalciferol (calcitriol)
, and it is synthesized by the 7-Dehydrocholesterol
hydroxylation of Cholecalciferol
25-hydroxycholecalciferol by the (vitamin Da)
enzyme 1-a —hydroxylase in the kidney. dietary intake
*Vitamin D synthesis is discussed in Vitamin Ds (fish, meat)
details in biochemistry lecture* Liver Vitamin D (supplements)
25-hydroxyvitamin D5
- Low plasma Calcium
levels . N
- Parathyroid Hormone 1,?5-::1.|hydrc-x;:,wltam|n Ds
. , Maintains calcium balance
- Prolactin Kidney in the body

14



Regulation of calcium

Hormonal Mechanisms : Vitamin D (1,25 Dihydroxycholecalciferol)

2- Epithelial cells of small intestine
Has a potent effect to
increase calcium &

phosphate absorption by :

1- Induces the synthesis of
Calcium binding protein(calbindin).
2- formation of Calcium-stimulated

ATPase.
3-Alkaline phosphatase.

1- Bones
-In small quantities promotes
bone mineralization
-In large quantities promotes bone
resorption by : 1-TPTH action
2-TNumber & activity of

osteoclast
Increases Renal

ot 4- Immune system ,
calcium and

Y Yo Stimulate differentiation _
9& M . of immune cells Phosphate absorption

Functions
of Vit D

3- Kidneys

TCell BCell Natural killer Macrophage

15



Regulation of calcium

Parathyroid hormone

p—

( e Source: Parathyroid gland

e Stimulated by hypocalcaemia
* Polypeptide hormone: (84 aa)
* Molecular Weight: 9500

e Half Life: 10 min

utilizing cAMP

N

—

* Mechanism of action: acts via 2nd messenger mechanism

e Acts on: Bone, kidney, and intestine
* Action: Necessary for fine control of ionized serum levels. |
Increases plasma Ca++ levels & decreases phosphate levels

PTH ID \\

/

/

Begin parathyroid hormone
Calcium

L

Phosphate Il

1
R QY
o N

Phosphate (mmol/L)

T
o
(o]

Extra explanation for PTH effects (guyton):

It has 2 principle effects:

1) 1 calcium & phosphate absorption from the bone

2) { calcium excretion & 1 phosphate excretion by
the kidneys

The net result on phosphate is decrease because the

effect of PTH in increasing renal phosphate excretion

is greater than phosphate absorption from the bones

i.e. 2" point is stronger than the 15t point. 16



Parathyroid Hormone Effects

|
l l |
EOHCIEIDHEYIINTESTVHE

Parathyroid hormone acts directly on bones to stimulate resorption and release of Ca2*
into the extracellular space (slow)
Acts directly on the kidney by:
1. { phosphate reabsorption from the proximal convoluted tubules (phosphaturic
action). Phosphate excretion in the urine plasma phosphate concentration (rapid)
2. I Ca++ & Mg ions reabsorption from the distal convoluted tubules, collection ducts
and ascending loop of Henle.
3. P Formation of 1,25 vit D3 in the kidney.
I absorption of calcium and phosphate indirectly through stimulating formation of 1,25 —
(OH)2 -D3 in kidney

Pay attention:
If they ask about PTH stimulus: the answer is calcium DECREASE

If they ask about PTH effect: the answer will be calcium INCREASE 17




Regulation of calcium

Calcitonin

L Source: Secreted by the parafollicular cells (C cells) of the thyroid gland.
O Stimulated by hypercalcaemia
O Nature: 32 amino acid peptide.
O Functions:
* Decrease blood Ca++ level very rapidly within minutes.
* Opposite effect to PTH Stimulus for secretion: Increased plasma calcium
concentration

Calcitonin action
I Other causes of P

l l calcitonin secretion:
On Bones On Kidneys 1- Estrogen
2- gastrin
[1] T Ca++ deposition of bone J Ca++ reabsorption 3- glucagon
[2] Inhibits Bone resorption by: N Ca++ excretion (in 4- secretin
* inhibition of addition to phosphate) | 5- CCK
osteoclasts 6- beta-adrenergic
formation of stimulation

osteoclasts

18



Regulation of calcium

Other regulators

Estrogen

e Stimulates osteoblast activity

e limits osteoclast activity

* enhance PTH secretion

* Estrogens changes the set point of PTH cells in the parathyroid so a greater
reduction of Ca2+ is needed to increase PTH secretion so: Estrogen decreases Ca2+
loss from bones

4 )

- The daily required dose of Ca2+ is greatly increased during pregnancy.
- 30 grams of Ca2+ are transferred to the fetus and lost in urine during
pregnancy
- Bone turn over is increased during pregnancy - osteoporosis
especially hip bone.
- 280 — 800 mg of Ca2+ are lost in breast milk per day during lactation
- The mother compensates by:

M intestinal absorption

J renal excretion
Pregnancy & ‘N bone resorption

lactation T9




General comparison between PTH & Calcitonin

| ¥ Plasma calcium |

Parathyroid glands
A PTH secretion

A Plasma PTH

| 4 Plasma calcium |

Parafollicular cells
A CT secretion

4 Plasma CT

Kidneys

4 1,25-(0OH), D5
formation

¥ Phosphate
reabsorption

Bone
A resorption

4 Calcium

Kidneys
reahsorpicn ¥ Phosphate ¥ Calcium Borio
reabsorption reabsorption resorotion
4 Urinary excretion A Plasma ¥ reso o
of phosphate 1,25-(OH), D3

¥ Urinary excretion

A Release of calcium
of calcium

into plasma

A Urinary excretion 4 Urinary excretion v Calcium
of phosphate of calcium release
Intestine
A Calcium absorption
Y V
| ¥ Plasma phosphate | | 4 Plasma calcium ¥ Plasma phisgphals | ¥ Plasma calcium

Thyroid gland (c-cells)
m hypocalcaemia hypercalcaemia
Increase plasma calcium

Decrease plasma calcium

Parathyroid gland

20




Answer key: 1-C 2-A 3-C 4-B 5-D 6-A 7-B

1-Which of the following is not involved

in the regulation of Vitamin D?
A. PTH

B. Prolactin

C. Alkaline phosphate

D. Serum phosphate

2- What type of collagen represents the
majority of bone matrix ?

A.Type 1

B. Type 2

C.Type 3

D. Type 4

3- which of the following is an effect of
vitamin D ?

A. High blood calcium levels and low
Phosphate

B. Low phosphate and calcium blood levels
C. High calcium and phosphate blood level
D. Low calcium and High phosphate blood
level

4- Which one of the following
is a normal level of plasma calcium ?
A. 6 mg/dl

B. 10 mg/dl

C. 8 mg/dI

D. 12mg/dl

5-Which of the following hormones is not important
in calcium homeostasis ?

A. Calcitonin

B. Parathyroid hormone

C. 1,25-dihydrocycholecalciferol

D. Glucagon

6- which one of the following structures has the
maximum percentage of total body Ca ?

A. bones

B. Skeletal muscle

C. plasma

D. blood

7-which one of the following hormones is essential
for the absorption of Ca from small intestine ?

A. Thyroxine

B. 1,25-dihydrocycholecalciferol 21
C. calcitonin



Q1: What is the function of Vitamin D ?
Ans: To Increase blood calcium level .

Q2: How vitamin D is involved in the resorption of bone ?
Ans: 1- by facilitating the PTH action on bone 2- by increasing the action and numbers of
osteoclast

Q3: By which mechanism does PTH increase stimulate Vitamin D action ?
Ans: By stimulation the hormone 1-a —hydroxylase in the kidney .

Q4: How amorphous salts involved in regulating calcium level ?

Ans: Depending on the level of calcium in the ECF , they exchange to be in equilibrium .

So when ECF calcium level goes down they are released from bone, and when it goes up they will
be absorbed again to the bone.

Q5: what are the functions of calcium in our body ?
Ans: Neuromuscular excitability — Hormonal secretion — Enzymatic regulation — Blood coagulation
— Second messenger

Q6: what happens to calcium in case of acute respiratory alkalosis ?
Ans: increases calcium binding to protein & decreases ionized calcium level .

22
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